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CLAIMS 

1 . A computer system comprising: 

a central processingVinit; 
a memory module, said rnemory module comprising a first memory bank, a second 
memory bank, and a pluralityW system bus connectors, said first and second memory 
banks each having a pluralityW pin assignments, one pin assignment from each said 
first and second memory banka coupled to an associated one of said plurality of system 
bus connectors, wherein at leaslone of said plurality of bus connectors is coupled to 
non-identical pin assignments of said first and second memory banks; and, 

a system bus coupling saidWntral processing unit to said plurality of system bus 
connectors of said memory module\ wherein said central processing unit places 
information on said system bus mapped to a first pattern corresponding with said pin 
assignments of said first memory bank when accessing said first memory bank, and 
said information mapped to a second pattern corresponding with said pin assignments 
of said second memory bank when accessing said second memory bank. 

2. A computer system according to claim V wherein said central processing unit further 
comprises a basic input output system progVam and a processor, said processor 
executing said basic input output system program, wherein said processor places said 
information on said system bus, said information arranged by said basic input output 
system in said first pattern when accessing saia first memory bank, and in said second 
pattern when accessing said second memory bank. 

3. A computer system according to claim 2, furtheacomprising an operating system 
loaded into said memory device and executed by sard processor, said operating system 
arranged to communicate information to said basic inout output system, wherein said 
basic input output system arranges said information in a first pattern when said 
processor accesses said first memory bank, and a second pattern when said processor 
accesses said second memory bank. \ 
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4. A computer system according to claim 1, wherein said memory module further 
comprises a plurality of memory modules, and said computer system further comprises 
a memory controller, said address bus coupling said central processing unit to said 
memory controller, and said memory controller to each of said plurality of memory 
modules. 
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5. A computer system according to cjlaim 1 , wherein said memory module further 
comprises: 

a substrate; 

at least one memory chip mountted on said substrate defining said first memory 
bank, each said at least one memory chip having a plurality of pins, one pin associated 
with a respective one of said plurality of p\n assignments; 

at least one memory chip mounted on said substrate defining said second 
memory bank, each said memory chip having a plurality of pins, one pin associated with 
a respective one of said plurality of pin assignments; and, 

a plurality of circuit traces, each circuit \race coupling one pin assignment from 
each said first and second memory banks to an, associated one of said plurality of 
system bus connectors, wherein at least one of said plurality of bus connectors is 
coupled to non-identical pin assignments of said first and second memory banks and 
wherein said plurality of system bus connectors comprises a plurality of pads mounted 
along one edge of said substrate. 
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6. A computer system according to claim 5, wherein said substrate further comprises a 
first major surface and a second major surface, said first memory bank mounted to said 
first major surface of said substrate, and said second memory bank mounted to said 
second major surface of said substrate. 
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7. A computer system according toyclaim 6, wherein said first and second memory 
banks comprise the identical numberyand configuration of memory chips, and said 
memory chips mounted on said second major surface of said substrate align in register 
with said memory chips mounted on sakl first major surface. 
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8. A computer system according to claim Y, wherein said substrate further comprises a 
plurality of vias, each of said vias adjacent to, and coupling a select one of said plurality 
of pins on said memory chips on said first maW surface to a select one of said plurality 
of pins on said memory chips on said second major surface. 

9. A computer system according to claim 8, wherein: 

said plurality of system bus connectors further comprise a plurality of address 
bus connectors; 

each said memory chip comprises a pluralit^of address pins arranged bilaterally 
symmetrical; 

each of said plurality of address pins is associated with a respective one of said 
plurality of pin assignments; and, 

said plurality of vias positioned on said substratdsuch that each via is adjacent 
to, and couples a select one of said plurality of address pins having a first pin 
assignment and positioned on said first major surface, to\a select one of said plurality of 
address pins having a second pin assignment different from said first pin assignment, 
and located on said second major surface, to a respective ^ne of said plurality of 
address bus connectors. 



25 10. A computer system according to claim 9, wherein said system bus further 
comprises an address bus coupled between said central processing unit and said 
address bus connectors, wherein said central processing unit places an address on 
said address bus mapped to a first pattern corresponding with sard pin assignments of 
said first memory bank when accessing said first memory bank, and said address 

30 mapped to a second pattern corresponding with said pin assignments of said second 
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memory bank when accessing said second memory bank. 

1 1 . A computer system according to claim 10, wherein said address comprises a 
plurality of address bits, said first rattern comprises arranging said plurality of address 
s bits in a sequence that aligns with tne corresponding pin assignments of said address 
pins of said first memory bank, and said second pattern comprises arranging said 
plurality of address bits in a sequence that aligns with the corresponding pin 
assignments of said address pins of sa\d second memory bank. 

O *. 

j|o 12. A computer system according to claim 8, wherein: 

^ said plurality of system bus conneptors further comprise a plurality of command 

y bus connectors; 

a : 

each said memory chip comprises a plurality of command pins arranged 
H bilaterally symmetrical; \ 

Q.5 each of said plurality of command pins associated with a respective one of said 

N plurality of pin assignments; and, \ 

H said plurality of vias are arranged on said substrate such that each via is 

C adjacent to, and couples a select one of said plurality of command pins having a first 

pin assignment and positioned on said first major surface, to a select one of said 
20 plurality of command pins having a second pinlassignment different from said first pin 

assignment, and located on said second major surface, to a respective one of said 

plurality of command bus connectors. 

13. A computer system according to claim 12, wherein said system bus further 
25 comprises a command bus coupled between saidicentral processing unit and said 
command bus connectors, wherein said central processing unit places a command on 
said command bus mapped to a first pattern corresponding with said pin assignments 
of said first memory bank when accessing said first memory bank, and said command 
mapped to a second pattern corresponding with saidlpin assignments of said second 
30 memory bank when accessing said second memory bank. 
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14. A computer system according to claim 13, wherein said command comprises a 
plurality of command bits, saiffl first pattern comprises arranging said plurality of 
command bits in a sequence tnat aligns with the corresponding pin assignments of said 
command pins of said first memory bank, and said second pattern comprises arranging 

5 said plurality of command bits in\a sequence that aligns with the corresponding pin 
assignments of said command pins defining said second memory bank. 

1 5. A computer system comprising 
p a central processing unit corriprising a processor and a basic input output system 
% program; \ D . 
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a memory module, said memory module comprising a first memory bank, a 
second memory bank, and a plurality ofisystem bus connectors; 



vjs said first and second memory banfts each having a plurality of pin assignments, 

ft respective pin assignments of said first memory bank correspond to functions that are 
identical to functions corresponding to respective pin assignments on said second 
memory bank, each pin assignment from each said first and second memory banks 
coupled to an associated one of said plurality of system bus connectors, wherein at 
20 least one of said plurality of system bus connectors is coupled to non-identical pin 
assignments of said first and second memory banks; 

a system bus coupling said central processing unit to said plurality of system bus 
connectors of said memory module, wherein said central processing unit places 
25 information on said system bus corresponding to a function associated with at said pin 
assignments, said information comprising a plurality of bits arranged in a bit pattern, 
said bit pattern arranged by said basic input outputtsystem to a first pattern 
corresponding with said pin assignments of said first memory bank when accessing 
said first memory bank, and said bit pattern arranged to a second pattern 
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corresponding with said pin assignments of said second memory bank when accessing 
said second memory bank. 

16. A computer system comprising: 

a central processing unit having a processor and a basic input output system 
program; 

a memory module, said memo|ry module comprising a first memory bank, a 
second memory bank, and a plurality of system bus connectors, said first and second 
memory banks each having a plurality pf system pin assignments, each of said plurality 
of system bus connectors connecting to an associated one of said plurality of system 
pin assignments of said first memory bank, and to an associated one of said plurality of 
system pin assignments of said second memory bank, wherein at least one of said 
plurality of system bus connectors connects to non identical system pin assignments of 
said first and second memory banks; 

an operating system run by said processor; and, 



a system bus coupling said central processing unit to said plurality of system bus 
20 connectors of said memory module, wherein said operating system requests 

information from said processor, and said processor places said information on said 
system bus mapped by said basic input output system to a first pattern corresponding 
with said system pin assignments of said first memory bank when accessing said first 
memory bank, and mapped to a second pattern corresponding with said address pin 
25 assignments of said second memory bank when accessing said second memory bank. 

1 7. A computer system comprising: 
a central processing unit; 



30 



a memory module, said memory module comprising: 
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an address bus connector; 

a first memory bank, said first memory bank comprising a plurality of 
address pin assignments coupled to said address bus connector in a first 
pattern; and, 

a second memory bank, s&id second memory bank comprising a plurality 
of address pin assignments coupled to said address bus connector in a second 
pattern, wherein said first and second patterns are not identical such that an 
address at said address bus connector corresponds to a first address read by 
said first memory bank, and a second address different from said first address 
read by said second memory bank; amd, 

an address bus coupling said central processing unit to said address bus 
connector of said memory module, wherein said central processing unit places an 
address on said address bus mapped to correspond with said first pattern when 
accessing said first memory bank, and mapped \o correspond with said second pattern 
when accessing said second memory bank. 
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18. A computer system comprising: 
a central processing unit; 

a system bus coupled to said central processing unit, said system bus 
comprising a plurality of system bus lines, each of said\plurality of system bus lines 
corresponding to a unique system bus assignment; and) 
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a memory device comprising: 

a system bus connector coupled to said system bus, said system bus 
connector comprising a plurality of bus line connectors, each of said plurality of 
bus line connectors arranged to correspond with a respective one of said system 
bus lines; 

a first memory bank comprising a plurality of pinsXeach said pin 
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corresponding to a unique pin assignment, each of said address pin assignments 
connected to an associated one of said plurality of bus line connectors such that 
said pin assignments of sai^ first memory bank are identical to said system bus 
assignments; and, 

a second memory ban&comprising a plurality of pin assignments, each of 
said pin assignments connected to an associated one of said plurality of bus line 
connectors such that said pin assignments of said second memory bank are not 
identical to said system bus assignments, wherein said central processing unit 
communicates with said memory device by placing information on said system 
bus, and reading information from said system bus, said information comprising 
a plurality of bits, each bit associated with one system bus line, and wherein said 
central processing unit is configured to encode information placed on said 
system bus to a coded pattern when interfacing with said second memory bank. 
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19. A computer system according to claim 18, wherein said coded pattern is defined by 
rearranging said bits defining said information to\correspond to said pin assignments of 
said second memory bank. 

20. A computer system comprising: 

a central processing unit, said central processing unit comprising a processor 
and a basic input output system program; 

a memory module, said memory module composing a first memory bank, a 
second memory bank, and a plurality of system bus connectors, said first and second 
memory banks each having a plurality of pin assignments, one pin assignment from 
each said first and second memory banks coupled to an associated one of said plurality 
of system bus connectors, wherein at least one of said plurality of bus connectors is 
coupled to non-identical pin assignments of said first and second memory banks; and, 

a system,buscomprising a plurality of physical bus lines, each of said physical 
bus lines coupling said central processing unit to a respective\one of said plurality of 
system bus connectors of said memory module, said system bws arranged to transfer 
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information between said memory module and said central processing unit, said 
information comprising a plurality of logical bits, one logical bit per physical bus line, 
wherein said basic input output system is configured to arrange said information in a 
first pattern by ordering said plurality of logical bits to bit positions that correspond to 
said pin assignments of said first memory bank, and said basic input output system is 
configured to arrange said information in a second pattern by ordering said plurality of 
logical address bits to bit positions that correspond to said address assignments of said 
second memory bank. 



4?o 21 . A computer system according \to claim 20, wherein an assignment of at least one 

ys \ 

;%0 logical bit does not correspond witlia physical bit assignment of a corresponding 

Q \ 

y physical bus line, but said assignment of said at least one logical bit does correspond 

Jf with an associated pin assignment to which said at least one logical bit is coupled. 



,=15 22. A computer system comprising: 

a central processing unit comprising a plurality of system bus connectors, each 
M* of said system bus contacts corresponding to a unique bus assignment; 
^ a system bus comprising a plurality of system bus lines; and, 

a remap multiplexer switchable from a first state wherein each of said system 
20 bus lines are coupled to a corresponding one of said system bus connectors, to a 
second state wherein at least two of said bus lines are swapped so as to couple to 
different ones of said system bus connectors. 

23. A computer system according to claim 22, wherein said remap multiplexer 
25 comprises first and second multiplexers, each\of said first and second multiplexers 
comprising a first and second inputs, an outpuaand a control input, wherein a first one 
of said system bus lines is coupled to said first input of said first multiplexer and to said 
second input of said second multiplexer, and a second one of said system bus lines is 
coupled to said second input of said first multiplexer and said first input of said second 
30 multiplexer, said first and second multiplexers configured to switch between a first state 
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where said first one of said system frus lines appears at said output of said first 
multiplexer and said second one of said system bus lines appears at said output of said 
second multiplexer, and a second state where said second one of said system bus lines 
appears at said output of said first multiplexer and said first one of said system bus 
5 lines appears at said output of said second multiplexer based upon a control signal 
appearing at said control inputs. 

24. A computer system according to claim\23, further comprising: 

a memory module coupled to said system bus, said memory module comprising 
Jpjo a first memory bank, a second memory bank, and a plurality of system bus connectors, 

*B said first and second memory banks each having a plurality of pin assignments, one pin 

O \ 

hj assignment from each said first and second memory banks coupled to an associated 

^ one of said plurality of system bus connectors, wherein at least one of said plurality of 

N» bus connectors is coupled to non-identical pimassignments of said first and second 

Q5 memory banks, and each of said plurality of system bus connectors coupling to a 



SI 



corresponding one of said system bus lines; and, 
^ a memory controller coupled to said system bus, said memory controller 

^ connected to said control input of each of said first and second multiplexers, wherein 

said memory controller is configured to toggle saia first and second multiplexers in said 
20 first state when said central processing unit communicates with said first memory bank, 
and said memory controller is configured to switch said first and second multiplexers to 
said second state when said central processing unit communicates with said second 
memory bank. 

25 25. A computer system according to claim 24, wherein\said remap multiplexer is 
coupled to said system bus between said central processing unit and said memory 
controller. 

26. A computer system according to claim 24, wherein saiVl remap multiplexer is 
30 coupled to said system bus between said memory controlle\and said memory device. 
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27. A computer system according to claim 24, wherein said remap multiplexer is 
integral with said memory controller. 

28. A computer system according to claim 27, wherein said memory controller 
comprises a buffered system bus driver between said remap multiplexer and said 
memory device. 

29. A computer system according to cla\m 28, wherein said memory controller 
comprises a buffered system bus register wherein said remap multiplexer is coupled to 
said system bus between said buffered svstem bus register and said memory device. 

30. A computer system according to claim 24, wherein said memory module further 
comprises: 

a substrate; 

at least one memory chip mounted on skid substrate defining said first memory 
bank, each said memory chip having a plurality of pins, one pin associated with a 
respective one of said plurality of pin assignments 

at least one memory chip mounted on said Substrate defining said second 
memory bank, each said memory chip having a plurality of pins, one pin associated with 
a respective one of said plurality of pin assignments;\and, 

a plurality of circuit traces, each circuit trace coupling one pin assignment from 
each said first and second memory banks to an associated one of said plurality of 
system bus connectors, wherein at least one of said plurality of bus connectors is 
coupled to non-identical pin assignments of said first and\second memory banks and 
wherein said plurality of system bus connectors comprises\a plurality of pads mounted 
along one edge of said substrate. 

31 . A computer system according to claim 30, wherein said substrate further comprises 
a first major surface and a second major surface, said first memory bank mounted to 
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said first major surface of said substrata, and said second memory bank mounted to 
said second major surface of said substrate. 

32. A computer system according to claimVjl , wherein said first and second memory 
banks comprise the identical number and configuration of memory chips, and said 
memory chips mounted on said second majoR surface of said substrate align in register 
with said memory chips mounted on said first major surface. 
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33. A computer system according to claim 32, wherein said substrate further comprises 
a plurality of vias, each of said vias adjacent to, and coupling a select one of said 
plurality of pins on said memory chips on said first major surface to a select one of said 
plurality of pins on said memory chips on said second major surface. 

34. A computer system according to claim 33, wherein: 

said plurality of system bus connectors further comprise a plurality of address 
bus connectors; \ 

each said memory chip comprises a plurality of apdress pins arranged bilaterally 
symmetrical; 

each of said plurality of address pins associated wffh a respective one of said 
plurality of pin assignments; and, 

said plurality of vias are arranged on said substrate &uch that each via is 
adjacent to, and coupling a select one of said plurality of address pins having a first pin 
assignment and positioned on said first major surface, to a select one of said plurality of 
address pins having a second pin assignment different from said first pin assignment, 
and located on said second major surface, to a respective one\of said plurality of 
address bus connectors. 
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35. A computer system according to claim 34, wherein said system bus further 
comprises an address bus coupling said central processing unit, said memory 
controller, said remap multiplexer and said address bus connectors wherein said 
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central processing unit places ^an address on said address bus and said remap 
multiplexer maps said address to a first pattern corresponding with said pin 
assignments of said first memorAbank when accessing said first memory bank, and 
said remap multiplexer maps said address to a second pattern corresponding with said 
pin assignments of said second memory bank when accessing said second memory 
bank. \ 

36. A computer system according to claim 35, wherein said address comprises a 
plurality of address bits, said first pattern comprises arranging said plurality of address 
bits in a sequence that aligns with the corresponding pin assignments of said address 
pins of said first memory bank, and said second pattern comprises arranging said 
plurality of address bits in a sequence thai aligns with the corresponding pin 
assignments of said address pins defining said second memory bank. 

37. A computer system according to claim 35, wherein said remap multiplexer 
comprises a multiplexing circuit for each pair of bilaterally symmetrical address pins, 
each of said multiplexing circuits arranged to switchably swap address lines associated 
with said respective symmetrical address pins. \ 

38. A computer system according to claim 35, wherein each said multiplexing circuit 
comprises first and second multiplexers, each of said first and second multiplexers 
comprising a first and second input, an output and a control input, wherein a first one of 
said address bus lines is coupled to said first input of said first multiplexer and to said 
second input of said second multiplexer, and a second one of said address bus lines is 
coupled to said second input of said first multiplexer and said first input of said second 
multiplexer, said first and second multiplexers switching between a non-switched state 
where said first one of said address bus lines appears at said output of said first 
multiplexer and said second one of said address bus lines appears at said output of 
said second multiplexer, and a switched state where said second one of said address 
bus lines appears at said output of said first multiplexer and said first one of said 
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address bus lines appears at said output of said second multiplexer based upon a 
control signal appearing at saiay control inputs. 

39. A computer system according to claim 37, wherein said memory controller has a 
s control signal coupled to each saiaycontrol inputs of said first and second multiplexers 
of each said multiplexing circuits, said memory controller arranged to switch said control 
inputs such that all said first and second multiplexers are in said non-switched state or 
all said first and second multiplexers are in said switched state. 

O 

jfco 40. A computer system according to claim 33, wherein: 

* said plurality of system bus connectors further comprise a plurality of command 

UJ bus connectors; 

^ each said memory chip comprises^ plurality of command pins arranged 

^ bilaterally symmetrical; 

is 

Qs each of said plurality of command pifys associated with a respective one of said 

plurality of pin assignments; and, 

said plurality of vias arranged on said Substrate such that each via is adjacent to, 
Ms and coupling a select one of said plurality of command pins having a first pin 

assignment and positioned on said first major surface, to a select one of said plurality of 
20 command pins having a second pin assignment different from said first pin assignment, 
and located on said second major surface, to a respective one of said plurality of 
command bus connectors. \ 

41 . A computer system according to claim 40, wherein said system bus further 
25 comprises a command bus coupling said central processing unit, said memory 
controller, said remap multiplexer and said command pus connectors, wherein said 
central processing unit places a command on said command bus and said remap 
multiplexer maps said command to a first pattern corresponding with said pin 
assignments of said first memory bank when accessing said first memory bank, and 
30 said remap multiplexer maps said command to a second pattern corresponding with 
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said pin assignments of said second memory bank when accessing said second 
memory bank. \ 

42. A computer system accordinguo claim 41 , wherein said command comprises a 
plurality of command bits, said first pattern comprises arranging said plurality of 
command bits in a sequence that aligns with the corresponding pin assignments of said 
command pins of said first memory bank, and said second pattern comprises arranging 
said plurality of command bits in a sequence that aligns with the corresponding pin 
assignments of said command pins defining said second memory bank. 

43. A computer system according to claim 41, wherein said remap multiplexer 
comprises a multiplexing circuit for each pair of bilaterally symmetrical command pins, 
each of said multiplexing circuits arranged to switchably swap command lines 
associated with said respective symmetrical command pins. 

44. A computer system according to claim 48, wherein each said multiplexing circuit 
comprises first and second multiplexers, eacrtof said first and second multiplexers 
comprising a first and second input, an outputbnd a control input, wherein a first one of 
said command bus lines is coupled to said firsninput of said first multiplexer and to said 
second input of said second multiplexer, and a second one of said command bus lines 
is coupled to said second input of said first multiplexer and said first input of said 
second multiplexer, said first and second multiplexers switching between a non- 
switched state where said first one of said command bus lines appears at said output of 
said first multiplexer and said second one of said command bus lines appears at said 
output of said second multiplexer, and a switched state where said second one of said 
command bus lines appears at said output of said first multiplexer and said first one of 
said command bus lines appears at said output of said second multiplexer based upon 
a control signal appearing at said control inputs. \ 
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45. A computer system according to claim 44, wherein said memory controller has a 
control signal coupled to eacmsaid control inputs of said first and second multiplexers 
of each said multiplexing circuit^, said memory controller arranged to switch said control 
inputs such that all said first and second multiplexers are in said non-switched state or 

5 all said first and second multiplexers are in said switched state. 

46. A computer system comprising:' 

a processor; 
a memory controller; 
Eb at least one memory module; 

y3 an address bus coupling said processor to said at least one memory module 

H through said memory controller, said adWess bus comprising a plurality of address 
H lines; 

m 

y, a command bus coupling said processor to said at least one memory module 

!i5 through said memory controller, said command bus comprising a plurality of command 
SI lines; 

y, an address remap multiplexer coupled to said address bus, wherein said 

0 memory controller is arranged to selectively switch said address remap multiplexer from 

a first state wherein at least two of said address lines are arranged in a first bit position, 
20 to a second state wherein said at least two adqress lines are remapped to different bit 

positions; and, 

a command remap multiplexer coupled td said command bus, wherein said 
memory controller is arranged to selectively switch said command remap multiplexer 
from a first state wherein at least two of said command lines are arranged in a first bit 
25 position, to a second state wherein said at least t\\o command lines are remapped to 
different bit positions. 



47. A computer system according to claim 46, wherein said remap multiplexer is 
switched between said first and second states by a bapk select control. 

30 
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48. An integrated circuit chij\ comprising: 
a circuit package; 

a first multiplexer having\a first input, a second input, a control signal input, and 
an output; 

5 a second multiplexer havirip a first input, a second input, a control signal input, 

and an output; 

a first pin extending from safe! circuit package and coupled to said first input of 
said first multiplexer and said secona input of said second multiplexer; 

a second pin extending from said circuit package and coupled to said second 
Mio input of said first multiplexer and said first input of said second multiplexer; 
O a first pin assignment coupledlto said output of said first multiplexer; 

y \ 

^ a second pin assignment coupled to said output of said second multiplexer; and, 

P a circuit coupled to said first anffl second pin assignments, wherein said first and 

s second multiplexers are switchable between a first state wherein each said first and 

£3 \ 

qjjs second multiplexers connect said first input to said output, and a second state wherein 

N 5 each said first and second multiplexers cbnnect said second input to said output. 
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49. An integrated circuit chip according to\claim 48, wherein said first and second pins 
are arranged on said circuit package in a bilaterally symmetrical arrangement. 



50. An integrated circuit according to claim 48, further comprising a third pin extending 
from said circuit package and coupled to said pontrol signal input of said first and 
second multiplexers. 



25 51 . An integrated circuit according to claim 48, wherein said control signal input of said 
first and second multiplexers are coupled to internal logic, said internal logic arranged to 
switch said first and second multiplexers between said first and second states. 



52. An integrated circuit according to claim 51, wherein said internal logic comprises a 
30 mode register. 



34 



Attorney Docket No. MIO 0076 PA 

53. An integrated circuit chiR comprising: 

a circuit package; 

a circuit contained withih said circuit package; 
a plurality of pins extending from said circuit package; and, 
5 a remap multiplexer contained within said circuit package, said reroute 

multiplexer circuit comprising: 

a first multiplexer having a first input, a second input, a control signal 
input, and an output, said fiitst input coupling to a first one of said pins and said 
second input coupled to a second one of said pins; 
s§o a second multiplexer paving a first input, a second input, a control signal 

q input, and an output, said first input coupled to said second one of said pins and 

jW said second input coupled toisaid first one of said pins; 

CH a first pin assignment qoupling said output of said first multiplexer to said 

La 

circuit; and, 

a second pin assignment coupling said output of said second multiplexer 

M \ 

H to said circuit, wherein said remap multiplexer is switchable between a first state 

q wherein each said first and second multiplexers connect said first input to said 

^ output, and a second state wherein each said first and second multiplexers 

connect said second input to said\output. 

20 

54. An integrated circuit chip according to claim 53, wherein said control signal input 
of said first and second multiplexers are e^ch coupled to a third one of said plurality of 
pins on said memory device. 

25 55. An integrated circuit chip according to claim 53, wherein said control signal inputs 
of said first and second multiplexers are coupled to internal logic, said internal logic 
arranged to switch said remap multiplexer between said first and second states. 

56. An integrated circuit chip according to clairyi 53, wherein said internal logic 
30 comprises a mode register. 
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57. An integrated circuit chip comprising: 

a circuit package;\ 

a plurality of pins extending from said circuit package; 

an memory circuit inWnal to said circuit package; 

a plurality of pin assignments coupled to said memory circuit; and, 

a remap multiplexer contained within said circuit package, said remap 
multiplexer coupling said plurality of pins to said plurality of internal pin assignments, 
and having a control input, wherein said control signal is switchable from a first state 
where said remap multiplexer couples said plurality of pins to said internal pin 
assignments, to a second state where said remap multiplexer routes at least one of 
said pins to a different one of said internal pin assignments. 

58. A memory module comprising} 

a substrate; 

at least one memory chip moikited on said substrate defining a first memory 
bank, each said at least one memory \;hip comprising: 

a circuit package; 

a plurality of pins extending from said circuit package; 

an memory circuit internal fp said circuit package; 

a plurality of pin assignments coupled to said memory circuit; and, 

a remap multiplexer contained within said circuit package, said remap 
multiplexer coupling said plurality of pins to said plurality of internal pin 
assignments, and having a control input, wherein said control signal is switchable 
from a first state where said remap multiplexer couples said plurality of pins to 
said internal pin assignments, to a second state where said remap multiplexer 
routes at least one of said pins to a different one of said internal pin 
assignments; 



30 



at least one memory chip mounted on said substrate defining a second memory 
bank, each of said at least one memory chip comprising: 
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a circuit package; 

a plurality of pins extending from said circuit package; 

an memory circuit internal to said circuit package; 

a plurality of pA assignments coupled to said memory circuit; and, 

a remap multiplexer contained within said circuit package, said remap 
multiplexer coupling said plurality of pins to said plurality of internal pin 
assignments, and havingVa control input, wherein said control signal input is 
switchable from a first state where said remap multiplexer couples said plurality 
of pins to said internal pin assignments, to a second state where said remap 
multiplexer routes at least qne of said pins to a different one of said internal pin 
assignments; 

a plurality of pads mounted afong one edge of said substrate; and, 



O 5 
SI 



a plurality of circuit traces, each pircuit trace coupling one pad to said first and 
second memory banks. 
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59. A memory module according to claim V58, wherein said substrate further comprises 
a first major surface and a second major surface, said first memory bank mounted to 
said first major surface of said substrate, an\l said second memory bank mounted to 
said second major surface of said substrate. 
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60. A memory module according to claim 59, wherein said first and second memory 
banks comprise the identical number and configuration of memory chips, and said 
memory chips mounted on said second major surface of said substrate align in register 
with said memory chips mounted on said first major surface. 



61 . A memory module according to claim 60, wherein said substrate further comprises 
a plurality of vias, each of said vias adjacent to, and coupling a select one of said 
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plurality of pins on said memory chips on said first major surface to a select one of said 
plurality of pins on said memory chips on said second major surface. 

62. A memory module according to claim 61, wherein: 
5 each said memory chip comprises a plurality of address pins arranged bilaterally 

symmetrical; 

each of said plurality of acfldress pins is associated with a respective one of a 
plurality of internal address pin assignments; and, 
_ said plurality of vias positioned on said substrate such that each via is adjacent 

iygo to, and couples a select one of said\plurality of address pins having a first pin 

J§ assignment and positioned on said first major surface, to a select one of said plurality of 

Q \ 

W address pins having a second pin assignment different from said first pin assignment, 

H \ 

fjl and located on said second major surface, to a respective one of said plurality of circuit 

^ traces, and wherein said remap multiplexers in said first bank are switched to said first 

Qs state, and said remap multiplexers in said second bank are switched to said second 



state. 
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H. 63. A memory module according to claim 61 , wherein: 

each said memory chip comprises a plurality of command pins arranged 
20 bilaterally symmetrical; 

each of said plurality of command pins\associated with a respective one of a 
plurality of internal control pin assignments; and, 

said plurality of vias are arranged on said substrate such that each via is 
adjacent to, and couples a select one of said plurality of command pins having a first 
25 pin assignment and positioned on said first major^surface, to a select one of said 

plurality of command pins having a second pin assignment different from said first pin 
assignment, and located on said second major surface, to a respective one of said 
plurality of circuit traces, and wherein said remapViultiplexers in said first bank are 
switched to said first state, and said remap multiplexers in said second bank are 
30 switched to said second state. 
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